
(NASA-CR-19363_) BASIC RESEARCH
SOLAK PHYSICS Final Technical

Report (Joint Inst. for Lab.

AsLrophysics) 6 p

IN N94-13234

Uncl as

G3/72 0180217



NASA- CR- 19,36 "32 //_/'-" _;_ ....._._"

_ -_z'
Final Technical Report for NASA Grant _06-003-057: Basic

Research in Solar Physics /)t_

Principal Investigator: Jeffrey L. Linsky

April 28, 1991
f_

.- This grant, dating back more than 20 years has supported a variety of investigations of the chromo-

spheres and coronae of the Sun and related cool stars by the Principal Investigator, his postdocs and

graduate students, and colleagues at other institutions. This work involved studies of radiative transfer

and spectral line formation theory, and the application of these techniques to the analysis of spectra

obtained from space and ground-based observatories in the optical, ultraviolet, x-ray and radio portions

of the spectrum. Space observations have included the analysis of spectra from 0S0-7, Skylab, SMM,

and the HRTS rocket experiments.
r_

Recent work has concentrated on the interaction of magnetic fields, plasma and radiation in the outer

atmospheres of the Sun and other magnetically active stars with different fundamental parameters. Our

study of phenomena common to the Sun and stars, the "solar-stellar connection", can elucidate the fun-

damental physics, because spatially-resolved observations of the Sun provide us with the "groundtruth,"

while interpretation of stellar data permit us to isolate those parameters critical to stellar activity.

Recently, we have studied the differences in physical properties between solar regions of high mag-

netic flux density and the surrou.nding plasma. High-resolution CN and CO spectroheliograms have been

used to model the thermal inhomogenieties driven by unstable CO cooling, and we have analyzed spa-

tially resolved UV spectra from HRTS to model the thermal structure and energy balance of small-scale

structures. The study of nonlinear relations between atmospheric radiative losses and the photospheric

magnetic flux density has been continued. We have also proposed a new model for the decay of plages

by random walk diffusion of magnetic flux.

Our analysis of phenomena common to the Sun and stars included the application of available spec-

troscopic diagnostics, establishing evidence that the atmospheres of the least active stars are heated at

a "basal" rate that is also found in the centers of solar supergranules, and using the Doppler-imaging

technique to measure the position, size, and brightness of stellar active regions. We are computing

multi-component models for solar and stellar atmospheres, and models for coronal loops and for the

transition-region downflows. The study of solar and stellar flares permits us to assess tile role of tur-

bulent energy transport, to pinpoint the mechanism behind Type I radio bursts, to determine whether

plasma radiation or cyclotron maser is responsible for microwave flares on M dwarfs, and to extend our

knowledge of the basic physics pertinent to cyclotron-maser processes operating on the Sun. I- *,/L

The following is a list of publications supported by this grant since 1987. Earlier publications are
listed under earlier reports and proposals.

Publications under Grant NGL 06-003-057 from 1987 to
1991

Publications in the Refereed Literature

Brown, A.: 1987, "Radio emission from pre-main sequence stars in Corona Australis", Astrophys. J.

(Letters) 322, L31.

Drake, S.A., Abbott, D.C., Bastian, T.S., Bieging, J.tt., Churchwell, E., Dulk, G., and Linsky, J.L.:

1987, "The discovery of nonthermal radio emission from magnetic Bp-Ap stars", Astrophys. J. 322,
902.



Drake,S.A., Linsky, J.L., and Elitzur, M.: 1987,"A radio-continuumsurveyof the coolestM and C
giants", Astron. J. 94, 1280.

Drake, S.A., Simon, T., Linsky, J.L.: 1987, "A VLA radio-continuum survey of a sample of confirmed

and marginal Barium stars", Astron. J. 93, 163.

Jordan, C., Ayres, T.R., Brown, A., Linsky, J.L., Simon, T.: 1987, "The chromospheres and coronae of

five G-K main-sequence stars", M.N.R.A.S. 225, 903.

Schrijver, C.J.: 1987, "Solar active regions: radiative intensities and large-scale parameters of the

magnetic field", Astron. Astrophys. 180, 241.

Schrijver, C.J.: 1987, "Radiative fluxes from the outer atmosphere of a star like the Sun: a construction

kit", Astron. Astrophys. 189, 163.

Bastian, T., Bookbinder, J.: 1988, "First dynamic spectra of stellar microwave flares", Nature 326,678.

Caillault, J.-P., Drake, S., Florkowski, D.: 1988, "A VLA survey of BY Draconis variables", Astron. J.

95,887.

Huovelin, J., Saar, S.H., Tuominen, I.: 1988, "Relations between broad-band polarization and Ca II H

and K emission in late-type dwarf stars", Astrophys. J. 329,882.

Saar, S.H.: 1988, "Improved methods for the measurement and analysis of stellar magnetic fields",
Astrophys. J. 324, 441.

Vilhu, 0., Caillault, J.-P., tteise, J.: 1988, "Simultaneous EXOSAT and VLA observations of the contact

binaries VW Cephei and XY Leonis: quiescent emission and a flare on VW Cephei", Astrophys. J.
330, 922.

Walter, F.M., Brown, A., Mathieu, R.D., Myers, P.C. and Vrba, F.J. 1988, "X-ray sources in regions of

star formation. III. Naked T Tauri stars associated with the Taurus-Auriga complex", Astron. J.
96, 297.

Bopp, B.W., Saar, S.H., Ambruster, C., Feldman, P., Dempsey, R., Allen, M., Barden, S.C.: 1989, "The

active chromosphere binary HD 17433 (VY Arietis)", Astrophys. J. 339, 1059.

Cuntz, M., Muchmore, D.: 1989, "Time-dependent effects of acoustic wave heating and molecular

cooling in the outer atmosphere of Arcturus", Astron. Astrophys. 209, 305.

Drake, S.A., Linsky, J.L.: 1989, "Radio continuum emission from the ionized stellar winds of warm

supergiants', Astron. J. 98, 1831.

Drake, S.A., Simon, T., and Linsky, J.L.: 1989, "A survey of the radio continuum emission of RS Canum

Venaticorum and related active binary systems", Astrophys. J. Suppl. 71,905.

Linsky, J.L.: 1989, "Solar and stellar magnetic fields and structures: observations", Solar Phys. 121,
187.

Rutten, R.G.M., Schrijver, C.J., Zwaan, C., Duncan, D.K., Mewe, R.: 1989, "Magnetic structure in cool

stars XVI: Radiative emissions from the outer atmospheres of M-type dwarfs", A stron. A strophys.
219, 239.

Schrijver, C.J.: 1989, "The effect of an interaction of magnetic flux and supergranulation on the decay

of magnetic plages", Solar Phys. 122, 193.



Schrijver,C.J., Cot6,J., Zwaan,C., Saar,S.H.: 1989,"Relationsbetweenthe photosphericmagnetic
field and the emissionfrom the outer atmospheresof cool stars. I. The solar Ca II K line core
emission",Astrophys. J. 337, 964.

Schrijver, C.J., Dobson, A.K., Radick,R.R.: 1989, "The magnetic, basal, and radiative-equilibrium

components in Mount Wilson Ca II H + K fluxes", Astrophys. J. 341, 1035.

Schrijver, C.J., Harvey, K.L.: 1989, "The distribution of solar magnetic fluxes and the nonlinearity of
stellar flux-flux relations", Astrophys. J. 343, 481.

Ayres, T., Brault, J.: 1990, "Fourier transform spectrometer observations of solar carbon monoxide.

HI. Time-resolved spectroscopy of the Av = 1 bands", Astrophys. J. 363, 705.

Bastian, T.S., Bookbinder, J., Dulk, G.A., Davis, M.: 1990, "Dynamic spectra of radio bursts from flare

stars", Astrophys. J. 353, 265.

Cuntz, M.: 1990, "Chromospheric extents predicted by time-dependent acoustic wave models", Astro-

phys. J. 349, 141.

Judge, P.G.: 1990, "On the interpretation of chromospheric emission lines", Astrophys. J. 348,279.

Rutten, R.G.M., Schrijver, C.J., Lemmens,. A.F.P., Zwaan, C.: 1991, "Magnetic structure in cool stars

XVH: on the origin of the minimum emissions from the chromospheres, transition regions, and

coronae', Astron. Astrophys. xxx, x__x.

Schrijver, C.J.: 1990, "Relations between the photospheric magnetic field and the emission from the

outer atmospheres of cool stars II: The C IV 1550 doublet", Astron. Astrophys. 234, 315.

Schrijver, C.J., Martin, S.F.: 1990, "Discovery of a large-scale flow pattern superimposed on the random-

walk decay of an active region", Solar Phys. 129, 95.

Bookbinder, J.A.: 1991, "A radio survey of low x-ray luminosity M stars", submitted to Astrophys. J.

Bookbinder, J., Golub, L. and Rosner, R.: 1991, "Observations of quiescent x-ray emission from K and

M dwarfs", submitted to Astrophys. J.

Drake, S.A., Linsky, J.L., Judge, P.G., Elitzur, M.: 1991, "Radio continuum observations of a variety

of cool stars", Astron. J. 101,230.

Gayley, K. G.: 1991, "Inferring Chromospheric Flare Heating from Hydrogen Line Wings", submitted
to Astrophys. J..

Gayley, K.G.: 1991, "Partially coherent scattering in stellar chromospheres. I. Effects on resonance line

thermalization", to be submitted to Astrophys. J..

Lecacheux, A., Rosolen, C., Davis, M., Bookbinder, J., Bastian, T., and Dulk, G.: 1991, "Dynamic

spectra of radio sources from 4.5 to 5.0 GI[z", submitted to Astron. Astrophys..

Linsky, J.L.: 1991, "X-rays from stellar flares", Mern. Ast. Soc. It., in press.

Schrijver, C.J., Bookbinder, J.A., Majer, P.: 1991, "The diagnostic capacities of the EINSTEIN IPC",

in preparation for Astrophys. J.

Schrijver, C.J., Dobson, A.K., Radick,R.R.: 1991, "Near-simultaneous observations of chromospheric

and coronal radiative losses of cool stars", Astron. Ast_vphys. xxx, xxx to be submitted.

Skinner, S.L.: 1991, "Nonthermal radio emission from tile x-ray bright K5 IV star 1E 1751+70.t6",

Astrophys. J. 368,272.



Invited Papers Published in Conference Proceedings

Linsky,J.L.: 1987,"What is the essentialphysicsof masslossfrom late-typestars",in Circumstellar

Matter, ed. I. Appenzeller, C. Jordan (Dordrecht: D. Reidel), p. 271.

Saar, S.tt.: 1987, "The photospheric magnetic fields of cool stars: recent results of survey and time-

variability programs", in Cool Stars, Stellar Systems_ and the Sun, Lecture Notes in Physics 291,
ed. J.L. Linsky, R.E. Stencel (Berlin: Springer-Verlag), p. 10.

Schrijver, C.J.: 1987, "Heating of stellar chromospheres and coronae: evidence for non-magnetic heat-

ing", in Cool Stars, Stellar Systems, and the Sun, Lecture Notes in Physics 291, ed. J.L. Linsky,

R.E. Stencel (Berlin: Springer-Verlag), p. 135.

Linsky, J.L.: 1988, "Active late-type stars" in Multiwavelength Astrophysics, ed. C6rdova , F. (Cam-
bridge: Cambridge Univ. Press), p. 49.

Linsky, J.L.: 1988, "Requirements for theoretical models of outflows", in Mass Qutflows from Stars and

Galactic Nuclei, ed. L. Bianchi, R. Gilmozzi (Dordrecht: Kluwer Academic), p. 177.

Linsky, J.L.: 1989, "Spectral diagnostics from x-ray to radio wavelengths", in Modeling the Stellar

Environment: How and Why?, ed. P. Delache, S. Laloe, C. Magnan, Tran Thanh Van, J. (Gif-sur-

Yvette: Editions Frontieres), p.97.

Linsky, J.L.: 1991, "What can solar and stellar ultraviolet observations tell about chromospheric and

coronal heating mechanisms?" in Mechanisms of Chromospheric and Coronal Heating, ed. P. Ulm-

schneider, E. Priest, R. Rosner (Berlin: Springer-Verlag), in press..

Linsky, J.L.: 1991, "Relationship of starspots to other indicators of stellar activity" in Surface Inhomo-

geneities in Late-type Stars, ed. P.B. Byrne, D.J. Mullan (Berlin: Springer-Verlag), in press.

Linsky, J.L.: 1991, "Recent advances in our understanding of chromospheric and coronal heating mech-

anisms", in The Sun and Cool Stars: Activity, Magnetism, Dynamos, ed. I. Tuominen.

Saar, S.tI.: 1991, "The time evolution of magnetic fields on cool stars", in The Sun ill Time, ed. C.P.

Sonett, M.S. Giampapa, M.S. Matthews (Tucson: Univ. of Arizona), in press.

Saar, S.H.: 1991, "Recent measurements of stellar magnetic fields" in Mechanisms of Chromospheric and

Coronal Iteating, ed. P. Ulmschneider, E. Priest, R. Rosner (Berlin: Springer-Verlag), in press.

Saar, S.H.: 1991, "Recent advances in the observation and analysis of stellar magnetic fields", in

The Sun and Cool Stars: Activity, Magnetism, Dynamos, ed. I. Tuominen, in press.

Saar, S. tI.: 1991, "Measurements of Magnetic Fields on Solar-like Stars: Techniques and Results",

in Memorie della Societd Astronomica ItaIiana (special issue): High Resolution Spectlvscopy in

Astrophysics, ed. R. Pallavicini, in press.

Contributed Papers Published in Conference Proceedings

Bookbinder, J.A., Walter, F.M.: 1987, "A VLA survey of an x-ray selected sample of F dwarfs",

in Cool Stars, Stellar Systems, and the Sun, Lecture Notes in Physics 291, ed. J.L. Linsky, R.E.

Stencel (Berlin: Springer-Verlag), p. 260.

Brown, A.: 1987, "Circumstellar radio emission from pre-main sequence stars", in Circumstellar ._Iatter,

ed. I. Appenzeller, C. Jordan (Dordrecht: D. Reidel), p. 63.

IIuovelin, J., Saar, S.II.: 1987, "Broadband linear polarization and chromospheric Ca II II and K

emission in late-type main sequence stars", in Cool Stars, Stellar Systems, and the Sun, Lecture

Notes in Physics 291, ed. J.L. Linsky, R.E. Stencel (Berlin: Springer-Verlag), p..11.



Mewe,R., Lemen,J.R.,Schrijver,C.J.,Fludra,A.: 1087,"Evidencefor loopgeometriesin stellarcoro-
nae", in Cool Stars, Stellar Systems_ and the Sun, Lecture Notes in Physics 291, ed. J.L. Linsky,
R.E. Stencel (Berlin: Springer-Verlag), p. 60.

Linsky, J.L., Saar, S.H.: 1987, "Measurements of stellar magnetic fields: empirical constraints on stellar

dynamo and rotational evolution theories", in Cool Stars, Stellar Systems, and the Sun, Lecture

Notes in Physics 291, ed. J.L. Linsky, R.E. Stencel (Berlin: Springer-Verlag), p. 44.

Saar, S.H., Linsky, J.L., Giampapa, M.S.: 1987, "4 meter FTS observations of photospheric magnetic

fields on M dwarfs", in Observational Astrophysics with tti6h Precision Data, ed. L. Delbouille, A.
Monfils (Liege: Univ. de Liege), p. 103.

Saar, S.H., Schrijver, C.J.: 1987, "Empirical relations between magnetic fluxes and atmospheric radiative

losses for cool dwarf stars", in Cool Stars, Stellar Systems_ and the Sun, Lecture Notes in Physics
291, ed. J.L. Linsky, R.E. Stencel (Berlin: Springer-Verlag), p. 38.

Schrijver, C.J., Cot_, J.: 1987, "The relation between the Ca II line-core flux density and the magnetic

flux density on the Sun", in Cool Stars, Stellar Systems, and the Sun, Lecture Notes in Physics

291, ed. J.L. Linsky, R.E. Stencel (Berlin: Springer-Verlag), p. 51.

Wiedemann, G., Ayres, T., Jennings, D., Saar, S.: 1987, "Carbon Monoxide fundamental bands in late-

type stars", in Cool Stars, Stellar Systems, and the Sun, Lecture Notes in Physics 291, ed. J.L.

Linsky, R.E. Stencel (Berlin: Springer-Verlag), p. 374.

Caillault, J.-P.: 1988, "VLA observations of the x-ray bright Hyades M dwarfs", in Activity in Cool Star

Envelopes, ed. O. Havnes et al. (Dordrecht: Kluwer Academic), p. 289.

Saar, S.H.: 1988, "Measurements of magnetic fields on cool stars", in The Impact of Very High S/N

Spectroscopy on Stellar Physics, ed. G. Cayrel de Strobel, M. Spite (Dordrecht: Kluwer Academic),
p. 295.

Saar, S.H., Huovelin, J., Giampapa, M.S., Linsky, J.L., Jordan, C.: 1988, "Multiwavelength observations

of magnetic fields and related activity on Xi Bootis A", in Activity in Cool Star Envelopes, ed. O.

IIavnes et al. (Dordrecht: Kluwer Academic), p. 45.

Ambruster, C.W., Pettersen, B.R., tIawley, S.L., Coleman, L.A., Sciortino, S.: 1989, "Independence of

chromospheric activity and soft x-ray flaring on the flare star EV Lacertae", in Solar and Stellar

Flares, IAU Colloquium No. 104, ed. B.M. Haisch, M. Rodonb (Catania: Catania Astrophysical

Obs.), p. 27.

Cuntz, M. Muchmore, D.: 1989, "Inhomogeneous chromospheric structures in the atmospheres of Arc-

turus generated by acoustic wave propagation", in Solar and Stellar C,raI!u]ation, ed. R.J. Rutten,

G. Severino (Dordrecht: D. Reidel), p. 547.

Drake, S.A., Linsky, J.L.: 1989, "VLA observations of stellar flares: A 3-hour flare on the RS CVn star

A Andromedae and a 5-minute flare on the BP star IIR 5942", in Solar and Stellar Flares, IAU

Colloquium No. 104, ed. B.M. tIaisch, M. Rodonb (Catania: Catania Astrophysical Obs.), p. -11.

Mewe, R., Lemen, J.R., Schrijver, C.J.: 1989, "Temperatures of coronae of cool stars, derived from

EXOSAT observations", Advances in Space Research, xxx, xxx.

Saar, S. I[., Martens, P. C. t[., and tluovelin, J.: 1989, "First Evidence for Particle Beams in a Stellar

Flare", Bull. AAS 21, 1192.

Judge, P.G., Neff, D.II.: 1990, "Radiative cooling functions below 2x 104'', in Cool Stars, Stellar Systems,

and the Sun, ed. G. Wallerstein (San Francisco: Astronomical Soc. Pacific), p. 57.



Judge,P.G.,Stencel,R.E.: 1990,"The evolutionof chromospheresand windsof low andintermediate
massgiant stars", in Cool Stars, Stellar Systems_ and the Sun, ed. G. Wallerstein (San Francisco:

Astronomical Soc. Pacific), p. 411.

Linsky, J.L., Drake, S.A., Bastian, T.S.: 1990, "Extension of the class of magnetic B star nonthermal

radio sources", in Cool Stars, Stellar Systems, and the Sun, ed. G. Wallerstein (San Francisco:

Astronomical Soc. Pacific), p. 189.

Mewe, R., Lemen, J.R., Schrijver, C.J.: 1990, "Temperatures of coronae of cool stars, derived from

EXOSAT observations", Advances in Space Research, Vol. 10, No. 2, p 129.

Judge, P.G.: 1991, "Fe II emission line diagnostics of the Sun and stars", in Stellar Atmospheres: Beyond

Classical Models, ed. I. Hubeny, L. Crivellari (Dordrecht: Kluwer Academic), in press.

Saar, S.H., Martens, P., Huovelin, J., Linnaluoto S. 1991, "Possible Detection of Particle Beams Asso-
ciated With a Stellar Flare".


